Protein patterning on a glass surface was achieved with a capillary force lithography (CFL) process with a self-assembled monolayer surface treatment in this work. A polystyrene line and space pattern was fabricated on the glass substrate by using a polydimethylsiloxane (PDMS) stamp with a capillary force lithography process. With this approach, it is possible to avoid high pressure, UV exposure, and high temperature. The thin polystyrene residual layer on the glass surface was removed by CF4/O2 plasma etching to complete the polystyrene pattern, and an O2 plasma process was applied to make the exposed glass surface hydrophilic. The oxidized polystyrene area was modified into a hydrophobic one by using vaporized toluene to reduce non-specific protein binding. A self-assembled monolayer (SAM), 3-aminopropyltriethoxysiloxane (3-APTES), was used to amine-functionalize glass surface. The protein patterning was achieved and verified by immobilizing fluorescent labeled protein, fluorescein isothiocyanate conjugate -bovine serum albumin (FITC-BSA), on the amine-functionalized microscale line and space pattern. Surface adsorption of protein and 3-APTES was confirmed by analyzing the nitrogen and the oxygen compositions with an X-ray photoelectron spectrometer. The nitrogen peak showed a stronger signal when a 3-APTES layer was formed, and the signal gets stronger with protein adsorption on the 3-APTES layer. As a result, chemical patterning was achieved in this work by using a capillary force lithography process and was verified by protein patterning.
I. INTRODUCTION
The applications for protein patterning are expanding due to increased demand for high throughput screening, micro-arrays of bio-molecules, and diagnosis systems in various fields of the biotechnology [1] [2] [3] . Protein patterning is a crucial technique in bio-micro electronic mechanical system (bio-MEMS) technology and makes it possible to use significantly reduced amount of sample and to get diagnostic results within significantly reduced times. One of the popular approaches for the protein patterning is photolithography, which is widely accepted in the fabrication of highly integrated microelectronic devices. Recently developed new approaches include micro-contact printing (µCP) [4] , nano-imprint lithography (NIL) [5] , and capillary force lithography (CFL) [6, 7] . Photolithography and a photo-sensitive method * E-mail: hchae@skku.edu; Fax: +82-31-290-7272 [8, 9] are limited by high-cost equipment and many processing steps. In this work capillary force lithography is adopted as a patterning process with surface modification. A self assembled monolayer (SAM) is typically defined as a well organized monolayer spontaneously covering a substrate. A SAM is applied to various applications, such as protein immobilization [10, 11] , mineralization [12] , or surface modification [13] by utilizing two different functional groups, at each end of the SAM molecule. The self-assembled molecules are divided into three parts -head group, end group, and chain part. The head group chemically bonds to the surface, and the end group is typically exposed toward the outside, opposite the surface. 3-aminopropyltriethoxysiloxane (3-APTES) was used as a SAM material to immobilize the bovine serum-albumin-labeled fluorescent material (FITC-BSA) on the glass substrate in this work. The head group bonds with the glass surface, and the end group bonds with proteins in peptide bonding.
